The current tough competition prevalent within the market economy is forcing business entities to achieve efficiency in their processes. This also applies to the transfer of goods from point A to point B, which is the subject of transportation. This process is influenced by many factors. It is necessary to not only consider the time,i.e. the fact that the required goods must be delivered in time, but it is also essential to take the financial aspect linked into account, for example, with the cost items such as fuel, salaries etc. These and many other factors also influence the movement of goods within a warehouse, in which the business entity must maximize the space required for the storage of the goods, while minimizing the time necessary for the storage, and equally while optimizing the cost. The aim of this paper follows from the above, which is based on the facts of the course of storage operations in the chosen enterprise,to design an optimal layout of the storage area which should increase the efficiency of the logistical operations.
INTRODUCTION
At present, logistics extends to various areas of business, either tothe purchase, supply, manufacture, storage, distribution, or other areas. In the simplest way, logistics is defined as the delivery process of goods or servicesto the customer to the agreed place in the required quantity, quality, time, and cost [1] .
From the theoretical point of view, the more comprehensive definition, according to which logistics is defined as a discipline dealing with the overall optimization, coordination, and synchronization of all activities within the framework of selforganizing systems, concatenation of which is necessary for the flexible and economical achievement of the final (synergistic) effect [2] , [3] .
Logistics (related to storage) creates a link between trading partners. The demands for flexible supplying, without the creation of the supplies, changes the nature of the warehouse inventory strategyin many companies so strongly that it is necessary to entrust this task to external specialized firms [4] - [7] . Therefore, storage is becoming a very advantageous sector of business. Since storage is exclusively a cost element in the logistic chain, due to the different degrees of goods realization, the specialization in storage becomes an attractive source of income for many companies operating in the logistic services [8] , [9] .
THE FACTS OF THE COURSE OF WAREHOUSE OPERATIONS IN THE SELECTED ENTERPRISE
The selected enterprise is one of the leading companies on the logistic market. Its main focus is to provide comprehensive logistic services in accordance with the protection of the environment and the ISO 9001, ISO 14001, and HACCP certificates. It offers fundamental services such as transportation solutions, logistics, distribution, storage, and others. The company has subsidiaries in four Central European countries, i. e. Slovakia, the Czech Republic, Poland and Hungary. The company has the warehouses of various sizes in these countries that are suitable for Euro Pallets with the standard pallet space height of 180 cm.
We will focus on a more detailed research of the warehouse in Senec, since it is a storage area which is the largest from the viewpoint of the pallets number, and it also occupies an area of about 10,000 m 2 . In addition to the dry storage area, where the temperature regime is set to a temperature of +15°C to +25 °C, it offers a cold storage area as the only one of the warehouses that has such a cold storage area that has adjustable temperatures for its customers as well. This type of storage allows them to store a various range of products, which requirereduced temperatures ranging from +2 °C to +6 °C. This includes, for example, the storage of foodfor which the company obtained the IFS certificate. At the same time, the store in Senec has hydraulically adjustable ramps and, as far asproperty protection is concerned, it is secured by electronic security systems, video surveillance, and a direct connection to the ARC (the alarm receiving centre).
The next step is order picking, which means preparing orders for shipment. One of the following systems can be chosen: either FIFO (First In First Out) or FEFO (First Expired, First Out). The preparation of the orders for shipment is carried out according to the customer's requirements, where the defined units (such as pallets, cartons, or pieces) are distinguished. The barcode readers, the serial numbers, batches, or pallet numbers are made use of. The last procedure of the order picking takes place on the packaging line.
Depending on the type of received goods, the materials for storage include Europallets, shelves and shelving systems, which comprise about 75 % of the storage area. The storage area is divided into approximately 12 equal areas. Two of them are separated because they representthe storage areas for refrigerated products, which require lower storage temperatures. The following figure (figure 1 ) describes the layout of the warehouse.
As we can see in figure 1 , the storage area is divided into 12 parts depending on the main routes of the goods. This information is presented in more detail in the table below. Source: authors Figure 1 The current layout of the storage area in the selected enterprise Source: authors The goods from the main routes are stored in areas 1 to 7. Storage areas 8, 9, and 10 are determined for the goods from other routes or for other goods that are stored on Europallets. Storage areas 11 and 12 are intended for cold storage products. There are 12 hydraulic loading ramps used for loading and unloading the stored goods in the warehouse. Hydraulic ramps 1 to 7 are intended for the loading and unloading of those goods from the main routes and the other ramps are used, though that depends on the workload of the other ramps.
The following section is focused on the analysis of the distances needed for unloading the goods and their transport to the sorting lines, which serve for the sorting of the delivered goods. The company has two sorting lines, one of which serves for ramps 1 to 6 and the other which serves for ramps 7 to 12. Forklift trucksare used during this process; the average speed of these forklift trucks is 8.5 km/h (when they are loaded) and 11 km/h (when they are empty). A truck can transport an average of 32 pallets in its storage area and a cargo vehicle can transport about 15 pallets.
It is necessary to traverse the distance of 11.1m to unload one pallet from the truck and its transport to the sorting line,providing that the received goods are on ramp 1.The forklift truck traversesthe distance of about 710.4 metres between the ramp and the sorting line when it unloadsthe truck (which contains 32 pallets). The distance from ramp 1 to the sorting line and back is ca. 333.0 m., when 15 pallets are unloaded from the cargo vehicle. Within the context of the distances at the first sorting line, the least number of metres is traversed when moving the goods from ramp 2, which is located closest to the first sorting line. In total, the greatest distance is traversed by the forklift trucks from ramp 7 to the second sorting line and back; that is 4 435.2 m when unloading the whole truck, and 2 079.0 m when unloading 15 pallets from the cargo vehicle. Table 4 shows the distance necessary for unloading the goods from the truck or the cargo vehicle, and also the transport of the goods from the given vehicle to the sorting line expressed in time units. Ten seconds needed for lifting and storing the goods on the shelf or the shelving system; these time periods are included in the total time. Source: authors Table 4 confirms that the transport of one pallet from the truck to the second sorting line and back at ramp 7 is the most time consuming. Ramp 6 is the farthest from the first sorting line. The transport of the goods from all over the truck to the first sorting line requires the time of 31 minutes (1875.2 seconds) and, as far as the Cargo vehicle is concerned, it takes about 15 minutes (879.0 seconds).
If we focus on the transfer of the goods from the sorting line directly to the designated storage area, the following table clearly shows the two furthest storage areas. It is the storage area intended for Bratislava (181.2 m) and Žilina (127.6 m).
PROPOSAL FOR AN OPTIMAL STORAGE AREA LAYOUT
Based on the previous analysis, it can be concluded that the use of the hydraulic ramps is inefficient, which results in distance and time losses during the movement of the goods. Some of the routes are traversed unnecessarily, which affects the larger volume of financial means for fuel and this also leads to the Source: authors fact that the vehicles are worn out. A more efficient solution would be to optimize the usability of the ramps according to the following figure (figure 2 ), which describes a proposal for a new storage area layout. The number of the hydraulic ramps (with regard to their workload) is considered as sufficient; therefore their number does not have to be increased. However, it is necessary to use them more effectively depending on the overall arrangement of the warehouse. At present, ramps 1 -7 are used for the unloading and loading of those goods from the main routes and the other ramps (8 -12) are used, depending on the employment of the other ramps. We propose that ramps 1 -7 are intended for the goods from the main routes. Ramps 1 and 2 would be prioritized for the goods going to Bratislava and Žilina. Ramps 3 and 4 would receive the goods for Košice, Prešov, Banská Bystrica and Nitra. The goods going to Trenčín and Trnava would be received by ramps 5 and 6. In the case where hydraulic ramps 1 -6 were fully occupied, ramp 7 would be available. Ramps 8, 9, and 10 would be intended for unloading and loading the goods from the other routes. Figure 2 The proposal for a new storage area layout in the analysed enterprise Source: authors A solution to the problem of the inefficient unloading of the refrigerated products on ramps 1 -7, which are far away from the cold storage area, could be to utilize ramps 11 and 12, preferably for the refrigerated products from the main routes, but also even from the other directions. This would optimize the flow of the goods and then the distance losses would be eliminated; at present, some routes are traversed several times.
There are two sorting lines in the warehouse. One is intended for ramps 1 -6 and the other for ramps 7 -12. Their location is considered inappropriate, since, as follows from the original layout of the warehouse and from the tables of distances expressed in metric and time indicators necessary for unloading the trucks or the Cargo vehicles, the forklift trucks must traverse the greatest distances during the goods unloading from ramps 4 -9. The needed time is, at least, double as well. At the same time, the sorted goods are accumulated and the forklift trucks do not have the space for manipulation, which results in the loss of time.
On the basis of the proposal for the new storage area layout, a more efficient solution would be to increase the number of the sorting lines. This is a solution according to which each hydraulic ramp would have its own sorting line. Such a proposal means certain costs in rebuilding and staff, which is sufficient in the enterprise. The result would be the increase of the efficiency of the logistic operations, which would ultimately mean a gradual reduction in costs [10] .
The distances and times needed for unloadingthe goods and their transfer to the newly proposed sorting lines are presented in the following tables (table 5, 6) .
The distances are equal because each hydraulic ramp has its own sorting line. In comparison to the original variant, the distances traversed are minimal. Table6shows the time savings facilitated by the newly designed model. Source: authors Table 6 shows the time required for the transport of the goods from the truck or the cargo vehicle directly to the sorting lines after the new arrangement of the storage area. Inboth the original arrangement and the proposed one, the 10 seconds (that are needed for lifting and storing the goods) are counted. The traversed distances and the time data indicate that the times are equal. Table 7 describes the distances from the newly proposed sorting lines to the storage areas of the main routes traversed during the movement of the goods during their storage.
The main difference from the original arrangement lies in the better usability of the hydraulic ramps. In the original alternative, nearly 800 m from all the ramps to the sorting lines were required for unloading one pallet from the truck or the cargo vehicle (see table 2 ). The forklift trucks had to traverse unnecessarily long distances from some of the ramps, which affected the fuel consumption and time. In comparison to the original layout, there would be a saving of about 650 metres during the unloading of one pallet from all of the ramps. When converted to the unloading of the entire truck(which is 32 pallets on average), there would be the difference between the distances of about 21 km in the newly proposed model and as far as the cargo vehicle is concerned, it would be a savings of about 10 km. In addition to the savings of distances travelled, there is also an increase in the efficiency of the time required for the work (table 9).
It follows from Table 10 that the result of the proposed model allows the unloading of the pallets to be more efficient, i.e. reducing the time from 224 minutes (13,430.4 seconds) to 93 minutes (5,568.0 seconds), which would lead to the saving of time when unloading the trucks at the ramps by about 131 minutes (7,862.4 seconds) and about 61 minutes (3685.5 seconds) in case of the cargo vehicles.
The previous tables express the saving of distance and time, which occur during the movement of the pallets from the trucks or the cargo vehicles to the sorting lines. The following calculation details the saving of distance when transporting the goods from the sorting lines to the storage areas in accordance with the individual routes (table 10).
The proposed model of the warehouse logistics at the same time brings, savings related tothe movement of goods between the sorting lines and the storing areas, apart from the saving of Source: authors 
CONCLUSION
From the economical point of view, the contribution of the newly proposed model should result in the reduced costs in different areas, in addition to the increased efficiency of the logistics operations as well. Namely, this would include the cost of fuel, the cost of thevehicles transporting the stored goods and the related time losses. More concrete numbers will be available only after a certain time from the implementation of the solution. At least half of the savings of fuel are assumed as a result of the shortening of the traversed distances.At the same time, less wear and the reduced coston the service of the forklift trucks are assumed. In addition to these benefits, the time for which the vehicle must stand still during the unloading will be shortened by implementing the new model. In that case, there is a chance to dispatch a higher number of orders per day. As a consequence of such measures, the final result could be the increase of the enterprise income [11] - [17] .
